Summary. This report presents information collected over 7 years (1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990) in Gabon, on a breeding group of 14, increasing to 45, mandrills maintained in a rainforest enclosure. Under these conditions, a seasonal cycle of mating (June\p=n-\October) and birth (January\p=n-\May) occurred. Females began to exhibit sexual skin swellings at age 2\ m=. \ 75\ p=n-\ 4\ m=. \ 5years (3\ m=. \ 6 \ m=+-\ 0\ m=. \ 6 years, mean \ m=+-\ sd; n = 10) and first delivered offspring when 3\m=.\25\p=n-\5\m=.\5 years old (4\ m=. \ 4 \ m=+-\ 0\m=.\8 years; n = 9). Gestation periods ranged from 152 to 176 days (167 \m=+-\9 days; n = 6 accurately dated pregnancies) and interbirth intervals from 11 to 15 months (12\m=.\4 \m=+-\1\m=.\3 months; n = 15). Females could reproduce 2 years before attaining adult body weight (10\p=n-\15kg) and complete dental eruption by 5\ m=. \ 0\ p=n-\ 5\ m=. \ 5 years. Males, by contrast, developed more slowly, reaching adult body weight (30\ p=n-\ 35 kg) and testicular volume (volume of left testis: 25\p=n-\30ml) at 8 years. Consistently high circulating testosterone concentrations (8\m=.\17 \m=+-\2\m=.\0 ng ml-1) could be measured by 9 years of age. Fully developed males exhibited fatting of the rump and flanks, as well as striking sexual skin coloration and an active sternal cutaneous gland; little expression of these features was evident during pubertal development. Marked individual age differences occurred with regard to the onset and complete development of these features, suggesting possible interactions between social environment and physical maturation.
Introduction
The mandrill (Cercopithecinae; Mandrillus sphinx) is the largest Old World monkey, occupying a unique habitat in the tropical rainforests of western central Africa. It is a forest-dwelling, semiarboreal primate, perhaps filling the equivalent ecological niche to the baboon species found in savanna areas of eastern Africa. Its range is delineated by the Sanaga river (Cameroon) to the north, the Ivindo and Ogooué rivers (Gabon) to the east and by the Zaire basin to the south (Harrison, 1988) . Because of their timid nature and the dense vegetation of their forest habitat, mandrills are very difficult animals to study in the field. Studies have yielded information on the social organization and ecology of mandrills (Sabater Pi, 1972; Jouventin, 1975; Hoshino et ai, 1984; Lahm, 1986; Harrison, 1988) , but there are few published data on growth and development of mandrills (Hill, 1970) . No systematic investigation has been carried out, despite mandrills being held in many zoological collections, where they provide striking exhibits because of the sexual dimorphism and the brilliant coloration of the male.
The Centre International de Recherches Médicales de Franceville (CIRMF) has an established mandrill colony within a natural rainforest enclosure, which allows observation of the animals in a seminatural environment, with the possibility of restraint for examining individuals on a regular basis. The detailed records kept of this colony since its foundation provide unique data on the development (somatic and sexual) of mandrills from birth to reproductive maturity.
Materials and Methods

Animals and handling procedures
The colony was originally founded in 1983/84 with 14 founder members (six males aged 2-years, and eight females aged 1-6 years, according to retrospective analysis of their dental status on arrival). All other additions to the colony have occurred through births; some individuals were removed for reasons of incompatibility. At the time of data retrieval (1990) , there were 45 mandrills in the enclosure, 17 males (2-11 years), 16 where w is the width and / is the length of the testis. During the most recent capture in January 1990, overall body length from the tip of the muzzle to the base of the tail was measured in all male and in some adult female animals. Facial dimensions were measured (length and width of the muzzle and the convexity of the bony, fusiform ridges that flank the central nasal ridge) and the development of the secondary sexual characteristics (facial and rump coloration and the activity of the sternal secretory gland; Hill, 1970) (Carman, 1979) , hence daily surveillance from the time of expected delivery ensured that the date of birth of infants is known to within 2-3 days. The first occurrence of sexual swellings in young females was noted, but was not documented systematically in all cases.
Testosterone assay
Testosterone was measured by enzymeimmunoassay using commercially available reagents (Serozyme: Serono Diagnostic, Rungis, France), after ether extraction of the plasma. All samples taken annually between 1983 and 1990 for each individual male were assayed at the same time. The limit of detection was 4-2 pg per tube, the intra-and interassay variability was 6-2% and 11 -4%, respectively.
Statistics
Data were analysed by nonparametric Mann-Whitney U-test and parametric anova and unpaired /-tests, depending on the normality of distribution of the data.
Results
Dentition
The first teeth to erupt were the decidual incisors, which were seen at or shortly after birth; only one of seven neonates had two upper incisors at birth. Complete complements of decidual teeth (| incisors (I), { canine (C), § premolars (P); total = 20 teeth) were present in all females and in six of the nine males available for study by the end of the first year of life ( The age ranges in Table 1 have been collated from all animals for whom the date of birth was known to within 2 or 3 days, and these six stages of development were then used to judge the age of animals arriving at CIRMF with unknown dates of birth.
Somatic development
There was no difference in birth weights between male and female infants ( Fig. 1 ), but, by the age of 2 years, males were significantly heavier than females (P < 0013). Two distinct growth rates were identified for males, the first from birth to 2 years, followed by a faster, pubertal spurt until reaching adult weights of approximately 35 Age (years) Fig. 3 . Age-related development of (a) testicular volume (calculated from measurements of left testis) and (b) serum testosterone concentrations (mean + sem) in mandrills.
Sexual development
Females. First full sexual skin tumescences involving the vulval and perianal regions were seen in females between the ages of 2-75 and 4-5 years (3-6 + 0-6 year, average + sd, = 10); these swellings were attractive to males who made visual and olfactory inspections of them, and these inspections were followed by ejaculatory mounts. Smaller swellings encompassing only the vaginal area were seen in two adolescent females aged 2-75 years during the 1989 and 1990 breeding seasons, and, although males mounted these individuals, no intromission was observed. Presum¬ ably these first cycles can be ovulatory, since five females delivered their first infants between the ages of 3-25 and 3-70 years, after their first season of sexual skin tumescence. The average age at first birth was 4-4 years (sd 0-8 year, range 3-25-5-5 years, = 10), i.e. most females had given birth to one infant before attaining somatic maturity, as judged by body weight and dentition (50-5-5 years). The duration of pregnancy in six mandrills was timed from the day of breakdown of sexual skin tumescence to the day of delivery, resulting in an average gestation period of 167 ± 9 days (mean ± sd; range 152-176 days); all six infants were healthy.
Once the females became reproductively active, they showed a marked seasonality of ovarian cycles, conceptions and births, with interbirth intervals of between 11 and 15 months (12-4 ± 1-3 months + sd, = 15). Twenty-five out of 26 births from 1985 to 1990 occurred between January and May (corresponding to the major rainy season in Gabon), and, by subtracting a gestation period of 167 days (5-4 months), this would place the main period of fertility and conceptions in the colony between June and October (major dry season). year thereafter, the testes remained small (volume of left testis: 30 + 1-6 ml; mean + sem; = 6). Thereafter, testicular volume increased linearly throughout the pubertal growth phase, until attain¬ ing adult volumes of 25-30 ml (Fig. 3a) . Serum testosterone concentrations showed a slight increase throughout puberty but generally remained low (0-57 + 006 ng ml"1 at 3 years increasing to 2-21 + 0-67 ngmr1 at 7 years; mean ± sem); after the age of 8 years, testosterone concentrations then increased markedly to reach adult levels (817 + 200 ng ml" ') a year later (Fig. 3b) .
Fully developed secondary sexual characteristics (fatted appearance, brilliant coloration on the rump (red, blue and mauve) and scrotal area and penis (red and mauve), prominent blue fusiform nasal ridges flanking the central red nasal stripe, golden mane with active sternal gland) were seen only in adult male mandrills. The increase in body weight seen in adult animals once they had stopped growing longitudinally resulted in the fatted phenomenon, where fat accumulated around the rump and flanks, and the scrotal sack became pendulous. Qualitative observations made throughout one year indicated that adult males remained fatted, the testes were prominent and scrotal, and that sexual skin coloration was maintained during the period of reproductive quiesc¬ ence in female mandrills, i.e. the male does not appear to show seasonality in his reproductive function. During puberty, the length (and width; data not shown) of the muzzle grew in proportion to body size (Fig. 4a) , but the increase in convexity of the fusiform ridges in adult mandrills was larger than predicted from the average growth curve. Taking the product of muzzle length and convexity as an index of the development of the facial characteristics of the adult male, this par¬ ameter also increased disproportionately in adult males, following an approximately linear increase during puberty (Fig. 4b) . Adolescent and subadult males resembled adult females in the extent of their facial development and coloration. The sternal gland was evident in all males aged 3 years or older; the skin pores were enlarged and the covering hairs lengthened and coarsened and became chestnut in colour, compared with the surrounding areas. Active secretion from the gland was seen only in males that were more than 6 years old.
Discussion
The mandrill is phylogenetically sufficiently distinct from its savanna-dwelling relative the baboon (Papio spp.) to merit a separate genus, but many aspects of its anatomy and physiology are similar enough to warrant comparison of the mandrill with the better characterized species of baboons and macaques. However, many data available in the literature on development and reproduction in mandrills are incomplete. Estimates on the length of gestation vary from 170 days (Carman, 1979) , similar to baboons and macaques (Napier & Napier, 1967) , to 220-270 days (Asdell, 1964; Hill, 1970) . From the records of the CIRMF colony kept over its 7 year history, gestation lasted approximately 167 days in the six instances where pregnancy could be timed accurately.
Mandrill infants are well developed at birth and, as soon as the decidual teeth begin to develop, they start mimicking adult feeding habits, taking food from their mother's mouth and foraging in the undergrowth. Physical development is rapid during infancy, and at 2 years the sexual dimorphism in body size so apparent in the adult first manifests itself. However, pubertal males continue to resemble adult female mandrills in size and appearance until they attain adulthood, when the secondary sexual adornments characteristic of this species (the startling red-blue rump coloration and the red penis mimicked by the red stripe on the nose flanked by the two prominent blue fusiform ridges) finally develop. The blue coloration is a permanent, melanin-derived dermal pigmentation seen in some Cercopithecus species; the red sex skin is similar to that seen round the perineal area in the rhesus monkey, which has been shown to be androgen dependent (Vandenbergh, 1965) . In the closely related, but geographically separate, drill (Mandrillus leucophaeus), Zuckerman & Parkes (1939, quoted by Hill, 1970) demonstrated that the red, but not the blue, sex skin coloration was testosterone dependent. Little change was seen in basal testosterone concentrations during puberty in the mandrill, which is in direct contrast to the continual increases in testosterone found in other Old World monkey species (Rose et ai, 1978; Mann et ai, 1983; Brady et ai, 1985; MeusyDessolle et ai, 1985) . The abrupt development of the secondary sexual characteristics occurred in the mandrills only after testosterone levels had attained adult values. Testosterone concentrations of adult mandrills were lower in those males showing less well-developed secondary sexual adornments (Wickings & Dixson, 1990) .
One of the characteristics of the adult male mandrill is his stocky appearance. We have chosen to describe this appearance as 'fatted' since body weights do not differ significantly from less welldeveloped males and the distribution of weight apparently shifts to the rump and flank areas. These regions are sparsely haired and hence the 'fatted' appearance is even more marked. However, this is not the seasonal 'fatting' seen in the New World squirrel monkeys (Saimirí sciureus; DuMond & Hutchinson, 1967) , as adult mandrills retain this appearance throughout the year once secondary sexual characteristics become fully developed. Testicular function in male mandrills does not appear to be seasonal in character: no qualitative differences in testicular size were apparent. In reproductively quiescent rhesus monkeys, testicular volume is reduced to 30-50% of values found during the breeding season, and the red perineal sex skin colour fades (Sade, 1964; Wickings & Nieschlag, 1980 One feature that distinguishes the male mandrill and the drill from baboon species is the existence of a sternal scent gland in the adult male, which is absent in all other Old World monkeys (Hill, 1970) . The position of the gland is marked by a tuft of long bristly hairs, which have a deeper chestnut colour than the surrounding lighter ventral hairs. The glandular appearance of the skin is evident in prepubertal males, before secretory activity commences in midpuberty. The role of the scent gland is unknown in freeranging mandrills. In the CI RM F colony, adult males have been observed to rub the chest area against tree trunks, leaving a damp patch with a musky odour (Feistner, 1990) . Whether this marking serves to delineate home-range areas or as a means of passing on pheromonal cues between group-individuals or between groups remains to be elucidated.
Testicular volume reaches adult proportions at 8 years of age, comparatively late in life com¬ pared with male baboons and macaques, which attain sexual maturity some two to three years earlier (Napier & Napier, 1967 Puberty in the male is marked by the descent of the testes into the scrotum at the age of approxi¬ mately 3 years, and testicular growth then continues in a linear fashion over an extended period of 5-6 years. This period of growth is similar to that seen in boys and chimpanzees (Marshall, 1978; Kraemer et ai, 1982) , but is considerably longer than that in other Old World monkey species where testicular growth is complete by the age of 5 years (Copeland et ai, 1981; Steiner & Bremmer, 1981) . In contrast to the linear increase in testicular size, circulating testosterone concen¬ trations were raised only in adult animals. However, the single, annual sampling regimen makes no attempt to accommodate the short-term and nocturnal fluctuations in testosterone that character¬ ize puberty in other primates (for overview, see Plant, 1988 In contrast to the male, physical and sexual development in the female is more precocious, with full sexual maturity evident before the completion of somatic development at the age of 5 years. Animals can conceive and bear live infants as early as 3 years of age, which is considerably younger than either baboons or macaques (Napier & Napier, 1967 Thomson, 1976 ) since five of the ten conceptions documented here occurred during the first season of cyclicity of the female. Common defects associated with first ovarian cycles are insufficient, or short, luteal phases (Apter et ai, 1978; Resko et ai, 1982) . Given the husbandry conditions of the CIRMF colony, it was not possible to investi¬ gate the endocrine changes associated with commencement of ovarian cycles; hence all data on female maturation are based on observations of sexual tumescences, which in all other primates are oestrogen dependent (Carlisle et ai, 1981; Dixson, 1983) . Sexual swellings in adolescent females are smaller than those in adult mandrills, which may be the result of lower oestrogen production in the pubertal ovary, or reduced sensitivity of the sex skin fibroblasts to oestrogen during the early stages of stimulation. A similar trend in the size of sexual skin swellings with successive annual mating seasons has been observed for the talapoin monkey (Miopithecus talapoin; Rowell, 1977) , rhesus macaques (Van Wagenen, 1952) , baboons (Scott, 1979) and chimpanzees (Coe et ai, 1979) . One factor contributing to the precocious sexual development of female mandrills may be the additional provisioning of the colony. Studies comparing freeranging populations with captive groups or provisioned, freeranging animals have shown that increased calorific intake plays an important role in the rate of maturation of primates (Altmann et ai, 1981; Mori, 1979) , just as food deprivation has the reverse effect (Dubey et at, 1986) . However, the difference in rates of maturation between male and female mandrills cannot be explained in terms of food intake, since the same diet was available to all members of the colony.
In summary, growth and development characteristics of the mandrill indicate that the female develops very much earlier than the male, in whom social interactions may play an important role in the rate of development. Similarities in female sexual maturation exist among mandrills, macaques and baboons, but the male mandrill shows retarded development compared with these other species. 
